We present evidence that many of the weak features observed with the International Ultraviolet Explorer {IUE) in the far-ultraviolet (1150-2000 Á) spectrum of the archetype red giant Arcturus (K2 III) are A-X fourth positive bands of carbon monoxide excited by chromospheric emissions of O i, C I, and H i. The appearance of fluorescent CO bands near the wavelengths of commonly used indicators of high-temperature (T>2X 10 4 K) plasma, such as C n X1335 and C iv X1548, introduces a serious ambiguity in diagnosing the presence of hot material in the outer atmospheres of the cool giants by means of low-dispersion IUE spectra.
I. INTRODUCTION
Carbon monoxide is a molecule of cosmically abundant elements that is found in a diverse range of astrophysical environments, from cold interstellar clouds to warm stellar atmospheres. Not only is the molecule ubiquitous, but so is its spectrum: Pure rotational transitions are found in the microwave region; fundamental and overtone vibration-rotation band systems occur in the near-infrared; and prominent electronic bands of the A-X fourth positive system fall throughout the vacuum ultraviolet.
Because the CO band systems are well dispersed in frequency, there are many chance coincidences with atomic and ionic transitions. As a result, the bright chromospheric emissions that dominate the farultraviolet spectra of cool stars can pump the fourth positive system of CO and other molecular bands, such as the Lyman and Werner systems of H 2 . Evidence for such fluorescence is well established in solar ultraviolet spectra, particularly of sunspot umbrae (Jordan et al. 1977 Bartoe et al. 1978) . Furthermore, molecular fluorescence is an important process in comet tails (Feldman et al. 1974) (Duley and Williams 1980) , supernova remnants (Benvenuti, Dopita, and D'Odorico 1980) , and premain-sequence stars (Brown et al. 1981) .
In this Letter, we report evidence that many of the weak features seen at low dispersion in the far-ultraviolet spectrum of the archetype red giant Arcturus (K2 III) are fourth positive system bands of CO radiatively excited by chromospheric emissions of O i, C i, and H i. The major pumping agent is the O i XXI302,1305,1306 triplet, which itself is resonantly fluoresced by chromospheric H i Lyß emission (Haisch et al. 1977) and is thought to be responsible for exciting the neutral sulfur spectrum as well (Brown and Jordan 1980) .
II. OBSERVATIONS
A 45 minute low-dispersion (6 À FWHM), farultraviolet (1150-2000 À) spectrum of Arcturus (image SWP 11039) was obtained with the International Ultraviolet Explorer (IUE; Boggess et al. 1978 ) on 1981 January 11. A number of bright emission features appear in the calibrated spectrum-XI340, X1380, X1500, and X1600, for example-for which there are no convincing atomic or ionic identifications. We therefore decided to test whether such features might belong to bands within the fourth positive system of CO, which is known to fluoresce at those wavelengths in planetary atmospheres (e.g., Durrance 1980 ) and comet tails (e.g., Feldman et al. 1974 In planetary atmospheres and comet tails the fluorescence of CO arises exclusively from the lowest vibrational level (v" -0) of the ground electronic complex (Y 1 2 + ), owing to the negligible populations of excited vibrational states at low temperatures (T < 300 K). Consequently, the dominant pumping agents are H i Lya and the O i triplet, which have close wavelength coincidences with transitions from the lowest vibrational and first few excited rotational levels of the ground electronic complex. However, in a warm stellar atmosphere significant populations of CO are found in the first few excited vibrational levels (particularly v" -1,2), consequently additional pumping coincidences are possible. A good example is that between the components of the C i X1657 multiplet and the (0,2) band (Bartoe et al. 1978) .
Accordingly, we searched through the Kurucz (1976) compilation of CO fourth positive system transitions for such coincidences. The results are summarized in Table  1 , including estimated relative fluxes and FWHMs of the major pumping transitions: H i A1216 Lya, the O i XI305 triplet, and the C i XI657 multiplet (see Ayres, Simon, and Linsky 1981) .
The relative fluorescence spectrum of the CO A-X fourth positive bands can be calculated straightforwardly in an optically thin approximation (e.g., Durrance 1980) . We evaluated the CO fluorescence assuming Gaussian line shapes for the pumping lines (Table 1) , CO fourth positive system Une positions and oscillator strengths from Kurucz (1976) , and the vibrational band branching ratios given by Durrance (1980) . We ignore collisional quenching of, or redistributions among, the excited vibrational states. Furthermore, we ignore pumping from vibrational levels t>" > 3, owing to the reduced populations compared with v" = 0, 1, and 2. We computed the relative photoabsorption strengths for a temperature of 3000 K, which is characteristic of the outer photosphere of Arcturus (Ayres and Linsky 1975) where most of the CO fluorescence likely occurs.
The coincidences of CO fourth positive lines with the major pumping agents are illustrated schematically in Figure 1 . The composite relative fluorescence yield spectrum of CO is compared to the low-dispersion IUE spectrum of Arcturus in Figure 2 . The former has been smoothed to simulate the 6 Á FWHM resolution of the IUE low-dispersion mode.
It is clear from the comparison in Figure 2 that much of the previously unidentified structure in the farultraviolet emission spectrum of Arcturus can be explained by fluoresced bands of the CO fourth positive system. In particular, the broad feature near 1510 À, first noted in Arcturus by McKinney, Moos, and Giles (1976) and by Weinstein, Moos, and Linsky (1977) , and those near 1340 Á and 1380 Á, noted in the cool supergiant X Velorum (K5 lb) by Hartmann, Dupree, and Raymond (1980) , likely are CO band emission.
IV. DISCUSSION
The far-ultraviolet spectrum of Arcturus is dominated by low-excitation species characteristic of chromo- The chromospheric H I, O i, and C i emission features are plotted on a relative flux scale that was established by Gaussian fits to measured emission line shapes in a calibrated, high-dispersion spectrum, correcting for distortions produced by circumstellar and interstellar absorption (see Ayres, Simon, and Linsky 1981) . Note that close blends within the C i multiplet are simulated by single features at the mean of the appropriate rest wavelengths. The CO transitions are depicted as composites of narrow lines (FWHM ^ 0.5 A) whose equivalent widths are proportional to the product of the lower state population at 3000 K and the photoabsorption cross sections. Note that the photoabsorption strengths of the (14,0) band (Lya coincidence) have been multiplied by a factor of 100, and the C i multiplet emission envelope by a factor of 10. Fig. 2. -Relative fluorescence spectrum of the CO bands (upper tracing) compared with the low-dispersion IUE observations of Arcturus (lower tracing). The CO fluorescence produced individually by H i, C i, and O I pumping are depicted in the composite spectrum, as shaded (barely visible; e.g., XI360), hatched, and unshaded profiles, respectively. The yields in each vibrational band are proportional to the relative populations of the upper levels, v\ that are radiatively pumped, multiplied by branching ratios, w v , v ", that give the probabilities for decay through bands (v', v") . Note that the intrinsically faint C i multiplet is an effective pumping agent because the photoabsorption strengths of the CO (0,2) band coincidences are large, while the intrinsically bright Lya feature is an ineffective pumping agent because the (14,0) band absorption strengths are very weak. The composite spectrum was obtained by treating each of the relative fluorescent yields as a sharp line at the appropriate band origin, and then smoothing that spectrum to simulate the ^ 6 À FWHM resolution of the IUE low-dispersion mode. Several of the strong atomic and ionic emissions in the calibrated stellar spectrum are shaded and identified explicitly. Both H i Lya and the O i triplet blend are heavily saturated in the 45 minute exposure. (Note.-The strength of the XI600 feature [identified with a # symbol] is enhanced somewhat by a particle radiation "hit," and the gap shortward of the X1815 Si n triplet is a region affected by an on-spectrum reseau mark.) 198lApJ...248L.137A
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spheric temperatures (T<2X 10 4 K). It is remarkable that much of the prominent emission structure-O i, S I, and CO-is produced by fluorescence. Because Arcturus is a typical red giant, we anticipate that such fluorescence phenomena will be ubiquitous among the cool giants (cf. Jordan et al. 1977; Brown and Jordan 1980) .
Although the CO fluorescence spectrum of Arcturus is intrinsically faint, the visibility of the band structure is aided by the extreme weakness of the collisionally excited, high-temperature emissions-C n, Si iv, and C iv, for example-that characterize the ultraviolet spectra of yellow giant stars with active chromospheres (e.g., Linsky and Haisch 1979) . The fluorescence is further aided by the low densities typical of the extended chromospheric envelopes of red giant stars, which reduce the collisional quenching of radiative cascade chains while increasing the mean free paths of resonance line pumping photons. Consequently, photons that are emitted in the hotter layers of the outer atmosphere can diffuse down to the chromosphere-photosphere interface, where the abundance of molecular species is maximum (cf. Jordan et al 1977) .
Finally, there is an important observational consequence of CO fluorescence in the spectra of red giants. Linsky and Haisch (1979) have proposed that a division exists in the H-R diagram between the "yellow" giants [(F-R) < 0.8], which typically exhibit significant fluxes of hot-plasma lines (C n X1335, Si iv X1400, C iv X1550, and N v XI240, for example), and the "red" giants [(F-R) > 0.8] for which these species are very faint, if present at all. The weakness of the high-temperature emissions among the red giants is continued in coronal soft X-rays . One infers that the amount of high-temperature material (T>2X10 4 K) in the chromospheric envelopes of most cool giants is very small, consequently the red giants differ in a fundamental way from the yellow giants that have more nearly solar-like hot outer atmospheres.
The critical question in this regard concerns how faint the red giant emission in the hot Unes truly is. Ultimately, the way to answer that question is with highdispersion, high-sensitivity spectroscopy, but only a few bright stars are accessible to IUE at the necessary resolution. Many stars are accessible at low dispersion, but the likelihood of CO fluorescence in the cool giants introduces a serious ambiguity in the interpretation of such spectra. In particular, strongly pumped CO bands can occur near both C n XI335 and C iv XI550, which are expected to be the brightest high-temperature signatures in typical far-ultraviolet spectra. Consequently, the appearance of weak emission features near the wavelengths of C ii or C iv in the chromospheric spectra of cool giants need not indicate the presence of hot plasma. Instead, such features may consist in part or entirely of CO fourth positive band emission. Therefore, some caution should be exercised in proposing identifications of C il, C iv, and other high-temperature emissions in low-dispersion spectra of cool giants, particularly if the characteristic signatures of CO pumping by O i (X1380; /i34o//i38o ^ 1/2) sndby C i (M600; f l545 /f l600 ^ 1/2) are prominent.
